Overexpression of elongation factor-1α (EF-1α) has been reported to contribute to the development and progression of various cancers. However, its role in prostate cancer (PCa) still remains poorly understood. In the present study, we investigate the influence of EF-1α in Du145, a high-grade metastatic PCa cell line, and demonstrate that EF-1α plays an essential role in cellular properties associated with tumor progression, namely cell proliferation, invasion, and migration. In this study, EF-1α expression in human PCa cell line Du145 was reduced by RNA interference (RNAi) technology, and the proliferation, invasion, and migration of EF-1α-reduced Du145 cells were examined. We also detected an EF-1α expression pattern in 20 pairs of primary PCa samples and their corresponding normal tissues. Expression of EF-1α was detectable in four PCa cell lines (22RV1, LnCap, Du145, and PC3), indicating its possible role in pathogenesis of PCa. RNAi-mediated knockdown of EF-1α expression in Du145 cells, which expressed the highest level of EF-1α among four PCa cell lines, led to a decrease in proliferation. Similarly, suppression of EF-1α inhibited Du145 cell migration and invasion through a basement membrane substitute. Furthermore, we found that the normal prostate tissues showed a relatively low level of EF-1α expression, whereas PCa tissues demonstrated significantly higher expression levels of EF-1α (P < 0.001). Taken together, these findings support the hypothesis that EF-1α affects multiple processes involved in tumor progression, and identify EF-1α as a potential therapeutic target.
INTRODUCTION
Prostate cancer (PCa) poses a major public health problem worldwide. Diagnosis and treatment of PCa has had many advances in the past 20 years; unfortunately, the existing treatment approaches and surgical interventions have been proven to be inadequate for the management of this disease (1, 2) . PCa deaths are a result of metastatic disease and treatment of such metastatic disease is one of the major therapeutic challenges. Thus, there is a need to develop novel therapeutic approaches and strategies. Many studies have focused on identification of the molecular mechanisms of development and progression of PCa, which are complicated and likely to involve multiple factors, such as tumor suppressor genes, oncogenes, growth factors, adhesion molecules, and angiogenesis (3) (4) (5) (6) . PCa cells with high-and low-metastatic potential vary in their biological properties, such as proliferation, adhesiveness, invasiveness, and motility. Differences in gene expression between normal cells and PCa cells often provide interesting targets for anti-neoplastic therapy. For this reason, considerable efforts have been made to understand the genetic controls of cellular proliferation and cell division clearly, which may provide the basis for the rational design of therapeutic strategies for the management of PCa.
Elongation factor-1α (EF-1α) has been reported as an actin binding protein in many divergent species, such as carrot, tetrahymena, rabbit, and mouse (7) . The intracellular distribution of EF-1α has been demonstrated to co-localize with filamentous actin (F-actin), and also is correlated with changes in the organization of the actin cytoskeleton during chemotaxis (8) . It has been reported that there is a high degree of amino acid sequence conservation across phylogeny, and actin binding activity is a universal property of all EF-1α (9) . The control of EF-1α levels is important for normal cell 
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MATERIALS AND METHODS
PCa Tissue Samples and Cell Lines
Our study was approved by the Ethics Committee of Beijing Hospital of China; 20 pairs of primary PCa samples and their corresponding normal tissues were obtained from PCa patients treated at Beijing Hospital of China from 2006 to 2008 after their written informed consent. All of the tissues were obtained immediately during the operation of transurethral resection prostate and suprapubic radical prostatectomy. Surgically resected tissues were paraffin-embedded, sectioned at 3-mm thickness, and used for immunohistochemical staining. The pathological diagnosis of prostate biopsy was performed preoperatively and confirmed postoperatively.
Four PCa cell lines (22RV1, LnCap, Du145, and PC3) were purchased from the Cell Center of Institute of Basic Medical Sciences in Chinese Academy of Medical Sciences (Beijing, China) and cultured in RPMI-1640 (GIBCO, Langley, OK, USA), supplemented with 10% fetal bovine serum (GIBCO), 10U/mL penicillin, and 10U/mL streptomycin, at 37°C in a humidified atmosphere containing 5% CO 2 . 22RV1 and LnCap are androgen sensitive cell lines derived from a PCa lymph node metastasis, whereas Du145 and PC3 are androgen insensitive cell lines derived from PCa bone metastases.
Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR)
Total RNA of four PCa cell lines (22RV1, LnCap, Du145, and PC3) were prepared, reverse transcribed, and QRT-PCR carried out as described previously (11) . The primers 5′-AAC ATC GTC GTG ATH GGN CAY GTN GA-3′ and 5′-CTT GAT CAC NCC NAC NGC NAC NGT-3′ were used to amplify 450-bp transcripts of EF-1α, and the primers 5′-GTG CCA CCA GAC AGC ACT GTG TTG-3′ and 5′-TGG AGA AGA GCT ATG AGC TGC CTG-3′ were used to amplify 202-bp transcripts of β-actin. Product-specific amplification was confirmed by melting curve analysis and agarose gel electrophoresis. Serial dilutions were made using previously generated PCR products, assigned arbitrary values corresponding to the dilutions, and used to construct relative standard curves for EF-1α. Targets were normalized using β-actin as an internal standard.
Small Interfering RNA (siRNA) Synthesis and Transient Transfection
Sense and antisense RNAs corresponding to the EF-1α cDNA sequence (AUG CGG UGG CAU CGA CAA A from BC001412; National Center for Biotechnology Information, GenBank, Bethesda, MD, USA) and the nonspecific control siRNA (CCU CCA AUC UUC GCG CGU C) (siRNA-C) were chemically synthesized, annealed (siRNA-E) and purchased from Dharmacon Research Inc. (Lafayette, CO, USA).
Twenty-four h before transfection, 3×10 5 Du145 cells were seeded into a T25 flask in 5 mL OPTI-MEM medium with 10% fetal bovine serum. Oligofectamine Kit (Invitrogen, Carlsbad, CA, USA) was used to transfect siRNAs into cells according to the procedures recommended by the manufacturer. An amount of 1 nmol siRNA was used for each T25 flask. In cases of apparent overconfluence, assessed by simple visual examination, cells were split on the second d after the transfection, but the cells were maintained in various media containing the siRNA at the appropriate concentration.
All assays were carried out on d 3 after transfection, except the Western blotting and the growth curve study, which was initiated on d 1 after the transfection and continued over the subsequent 6 d.
Western Blot Analysis
Du145 cells in nontransfected group, siRNA-C-transfected group, and siRNA-E-transfected group were cultured in complete growth media to 70% confluence, then replaced with serum-free RPMI-1640 and incubated for 48 h. The suspensions of Du145 cells in three groups were centrifuged (71.55g) and the cell pellets were washed with ice-cold PBS. Total proteins were extracted with lysis buffer (150 mmol/L NaCl, 50 mmol/L Tris-HCl, pH 7.4, 2 mmol/L EDTA, 1% NP-40) containing protease inhibitors. The protein content was determined according to Bradford's method (12) , with bovine serum albumin used as a standard. Protein samples (30 μg) were boiled with 2× sample buffer containing 5 % β-mercaptoethanol for 5 min, separated by size on 15% polyacrylamide gel under SDS denaturing conditions, and transferred to a nitrocellucose membrane at 90 V for 2 h. The nitrocellulose membranes were stained with ponceau S to assess the efficiency of transfer. Nonspecific binding was blocked by incubation in block buffer (5% nonfat dry milk, 0.05 % Tween-20, 1× Tris-Cl-buffered saline, Rockland Immunochemicals Inc., Gilbertsville, PA, USA) overnight at 4°C, The membranes were hybridized with a mouse anti-human EF-1α monoclonal antibody (at the dilution of 1:500, Upstate Biotechnology, Lake Placid, NY, USA) and mouse anti-human β-actin monoclonal antibody (at the dilution of 1:1000, Santa Cruz Biotechnology, Santa Cruz, CA, USA), then incubated with a horseradish peroxidase-labeled goat antirabbit IgG (1:500). The bound secondary antibody was detected by enhanced chemiluminescence (Amersham Life Science, Little Chalfont, UK). Housekeeping protein β-actin was used as a loading control. Positive immunoreactive bands were quantified densitometrically (Leica Q500IW image analysis system, Leica Cambridge Ltd., Cambridge, UK) and expressed as ratio of EF-1α to β-actin in optical density units, respectively.
Immunofluorescence
For the immunofluorescence detection of EF-1α and F-actin, Du145 cells of nontransfected group, siRNA-C-transfected group, and siRNA-E-transfected group were seeded (40,000 cells/22-×-22-mm glass coverslips in 3-cm-diameter Petri dishes) and treated according to the standard protocol described previously (13) . The cultures were fixed in cold methanol and then immunoreacted with the primary antibodies (polyclonal antibodies anti-human EF-1α at a dilution of 1:50 [Upstate Biotechnology] and anti-F-actin antibodies at a dilution of 1:50 [Santa Cruz Biotechnology]). The cells then were immunoreacted with the secondary antibodies fluorescein-conjugated anti-rabbit IgG (at a dilution of 1:50, Calbiochem, San Diego, CA, USA) and rhodamineconjugated anti-mouse IgG (at a dilution of 1:50, Calbiochem). The coverslips were mounted on glass slides in mounting medium and photographed with an Olympus fluorescence microscope (Olympus Optical Company Ltd., Tokyo, Japan). Ten randomly chosen fields were analyzed for each cell type with a specific analysis system (IAS) program to evaluate the integrated optical density level of each immunofluorescent cell.
Proliferation Assays
To determine proliferation, 1×10 After all crystals were solubilized, the optical density of the solution was determined spectrophotometrically at 570 nm. Alternatively, cells were plated in triplicate wells, as described above, then trypsinized daily, and counted using a hemocytometer.
Migration and Invasion Assays
Du145 cells of nontransfected group, siRNA-C-transfected group, and siRNA-E-transfected group at 70% confluence were detached from culture plates in the absence of trypsin using Hank's buffered saline solution (HBSS)/5 mM EDTA/ 25 mM Hepes pH 7.2 (Mediatech, Herndon, VA, USA). Cells then were washed twice in RPMI-1640/ 0.1% BSA and resuspended at a density of 2.5×10 5 /mL in RPMI-1640/0.1% BSA; 200 μl of the cell suspension was added to the upper chamber of an 8 μm pore size Transwell insert (Becton Dickinson, Becton Drive, Franklin Lakes, NJ, USA) in triplicate. Serum-free RPMI-1640/0.1% BSA containing 10 ng/mL EGF was added to the lower chamber of each well and incubated for 20 h at 37°C. Cells were fixed with 0.025% glutaraldehyde (Sigma Aldrich, St. Louis, MO, USA) in PBS, stained in 0.1% crystal violet, and nonmigratory cells on the upper surface of the membrane removed. Membranes were mounted on a microscope slide, and migrated cells were counted in five random high-power fields.
Invasion assays were carried out in a similar manner to migration assays. Transwell inserts with 12-μm pores (Becton Dickinson) were coated with 200 μl Matrigel (Becton Dickinson), which was diluted 1:6 in ice-cold RPMI-1640, and allowed to gel at 37°C. Subconfluent cell cultures were detached as described above, resuspended in RPMI-1640/0.1% BSA, and 5×10 4 cells seeded in the upper chamber. Culture plates were incubated for 16 h at 37°C, and the cells fixed, stained, and counted as described above.
Immunohistochemistry Analysis
The specimens were fixed in 10% neutral buffered formalin and subsequently embedded in paraffin. The paraffinembedded tissues were cut at 3 μm, and then deparaffinized with xylene, and rehydrated for further hematoxylin and eosin (H&E) or peroxidase (DAB) immunohistochemistry staining employing DAKO EnVision System (Dako Diagnostics, Zug, Switzerland). Following a brief proteolytic digestion and a peroxidase blocking of tissue slides, the slides were incubated overnight with the primary antibody against EF-1α (Upstate Biotechnology) at a dilution of 1:100 at 4°C. After washing, peroxidase-labeled polymer and substrate-chromogen were employed to visualize the staining of the interested proteins. Normal prostate tissues were used as control for immunohistochemical staining.
Following a hematoxylin counterstaining, immunostaining was scored by three independent, experienced pathologists, who were blinded to the clinicopathological data and clinical outcomes of the patients. The scores of the three pathologists were compared and any discrepant scores were trained through reexamining the stainings by both pathologists to achieve a consensus score. The number of positive-staining cells showing immunoreactivity on the cytoplasm in ten representative microscopic fields was counted and the percentage of positive cells was calculated. Given the homogenicity of the staining of the target proteins, tumor specimens were scored in a semiquantitative manner based on the percentage of tumor cells that showed immunoreactivity. The criteria used for the assessment of EF-1α expression was 0 (negative or weak, ≤5%), 1 + (moderate, ~5%-~50%), and 2 + (intensive, >50%) of the tumor cells stained.
Statistical Analysis
The software of SPSS version 13.0 for Windows (SPSS Inc, Chicago, IL, USA) was used for statistical analysis. Continuous variables were expressed as X _ ± s. Statistical analysis was performed with t-test. Differences were considered statistically significant when P was less than 0.05.
RESULTS
EF-1α Expression Varies in PCa Cells
QRT-PCR was performed to determine if EF-1α expression was elevated in PCa cell lines (22RV1, LnCap, Du145, and PC3). As shown in Figure 1 , the two highly malignant cell lines (PC3 and Du145), indeed, exhibited significantly higher EF-1α expression than that in the other two less malignant cell lines (22RV1 and LnCap) (P = 0.009 for Du145 versus 22RV1; P = 0.01 for PC3 versus 22RV1; P = 0.01 for Du145 versus LnCap; P = 0.02 for PC3 versus LnCap; P > 0.05 for 22RV1 versus LnCap and Du145 versus PC3). Especially, Du145 expressed the highest level of EF-1α. As Du145 cells were derived from PCa bone metastases and exhibit distinct proliferative and motile properties, we selected these for further study.
Confirmation of siRNA-Mediated Downregulation of EF-1α Gene by Western Blotting and Immunofluorescence Analysis
To determine whether the expression of siRNA-E affected EF-1α protein production, Du145 cells of nontransfected group, siRNA-C-transfected group, and siRNA-E-transfected group were used to perform Western blotting analysis with monoclonal anti-human EF-1α antibody. A specific 56kDa protein band was present in all the samples of nontransfected group and siRNA-C-transfected group without any change during 6 d, while the expression of EF-1α in the samples of siRNA-E-transfected group was reduced constantly from d 1 to d 6 after the transfection (Figure 2A) . Furthermore, densitometric analysis of the Western blotting also showed a significant decrease in the amount of EF-1α from siRNA-E-transfected cells in a time-dependent manner, while there were no changes with statistical significance in nontransfected cells and siRNA-C-transfected cells ( Figure 2B) .
Similarly, the immunofluorescence analysis with monoclonal anti-EF-1α and monoclonal anti-F-actin antibodies also showed that EF-1α fluorescent protein Figure 1 . EF-1α expression in PCa cell lines 22RV1, LnCap, Du145, and PC3. Total RNA was prepared from the indicated cell lines, reverse-transcribed, and subjected to QRT-PCR using oligonucleotide primers specific for EF-1±α. Expression was normalized using β-actin expression as an internal standard. signal of Du145 cells in siRNA-Etransfected group was reduced distinctly at d 3 after the transfection, compared with that of nontransfected group and siRNA-C-transfected group (Figure 3) . In addition, EF-1α immunofluorescent signal was colocalized with F-actin, which was similar in nontransfected and transfected cells (see Figure 3) .
Effect of EF-1α Downregulation on Proliferation of Du145 Cells
To better understand the role that EF1α plays in tumor progression, we determined the proliferation rates of Du145 cells in different groups. As shown in Figure 4A , Du145 cells expressing EF-1α siRNA exhibited a decreased rate of growth compared with nontransfected and siRNA-Ctransfected cells as judged by MTT assay (P = 0.02 for siRNA-E transfected group versus nontransfected group; P = 0.03 for siRNA-E-transfected group versus siRNA-C-transfected group). Similar results were obtained in cell counting assays ( Figure 4B ). Taken together, these data indicated that EF-1α potentiated Du145 cell proliferation.
Effect of EF-1α Downregulation on Migration and Invasion of Du145 Cells
To test whether EF-1α expression affects motility of our model cell line (Du145), we carried out standard in vitro chamber assays. As shown in Figure 5A , migration of Du145 cells was repressed 3.56-fold and 3.64-fold by EF-1α siRNAmediated suppression compared with nontransfected and siRNA-C-transfected cells. To extend our studies, we assayed the capacity of cells expressing EF-1α siRNA to invade through Matrigelcoated Transwell inserts. Consistent with the results of migration assays, repression of EF-1α expression in Du145 cells was found to inhibit in vitro invasion ( Figure 5B ). Taken together, these data indicated that EF-1α enhanced motility and invasion of Du145 cells.
EF-1α Expression Pattern Was Associated with PCa Progression
The immunohistochemical staining was performed to detect the EF-1α expression pattern in the region of cancerous tissues and their matched normal prostate tissues. A representative figure showed that the expression of EF-1α was mild in both gland cells and stromal smooth muscle cells in normal prostate tissues, whereas higher level of EF-1α expression was observed in epithelial PCa foci and the stromal smooth muscle cells in tumor samples (Figure 6 ). Consistent with these results, the positive expression rate of EF-1α in PCa tissues was D 1 5 ( 1 1 -1 2 ) 3 6 3 -3 7 0 , N 80% (16/20) , which was significantly higher than the 20% (4/20) (P < 0.001) in normal prostate tissues. Taken together, these data indicated that EF-1α played a stimulative role in the tumorigenesis of PCa and prompted the metastasis of malignant PCa cells.
R E S E A R C H A R T I C L E M O L M E
DISCUSSION
The present study explored whether RNAi-mediated suppression of EF-1α could be used to inhibit the proliferative and motile characteristics of PCa cells, and demonstrated that EF-1α regulated tumor cell growth, invasion, and migration, suggesting that EF-1α might act as an oncoprotein in PCa.
Metastasis of a malignant tumor is the leading cause of death. However, the molecular mechanisms underlying the migration of cells from the primary tumor to ectopic sites are unclear. Some researchers have argued that the metastatic process is similar to the chemotaxis of motile cells along gradients of cytokines (14) (15) (16) . In this regard, it is likely that molecules identified as important for mounting the chemotactic response also may be important for metastasis. The principal effector of the chemotactic response is the cellular motile machinery composed of the actin cytoskeleton (17) . Polarized surface projections containing newly polymerized actin are formed in response to intracellular signaling molecules generated by the binding of cytokines to their membrane-bound receptors (18) . The stabilization of these actin-containing projections by various families of actin binding proteins allows the cell to move in the specific direction of the cytokine gradient. One such family of actin binding proteins consists of those proteins that crosslink actin filaments into bundled arrays (19) . EF-1α, an abundant member of the actin bundling protein family, is the cofactor of eukaryotic protein synthesis responsible for binding aminoacyl-tRNA to the ribosome during polypeptide elongation (20) (21) . EF-1α not only functions as a polypeptide elongation factor, an activity that might indicate the greater D 1 5 ( 1 1 -1 2 ) 3 6 3 -3 metabolic activity of peripheral tumor cells, but also is a well-characterized F-actin and microtubule-binding protein (22) . Interestingly, the overexpression of EF-1α already has been correlated with increased metastatic propensity (23) .
In our study, we found that EF-1α immunofluorescent signal was co-localized with F-actin, which has been reported previously (24) . We also demonstrated that the knockdown of EF-1α resulted in the decrease of growth in Du145 cells, which was consistent with the inhibition of migration and invasion. Mohler et al. (25) has already shown that EF-1α was 1 of 11 candidate genes which triggered the tumor proliferation of recurrent CWR22, an androgen-dependent xenograft model derived from a primary human PCa. So the effect of EF-1α in regulation of PCa mechanisms in androgen sensitive cells lines should be increasing proliferation. Furthermore, the higher positive expression rate of EF-1α in clinical PCa samples than their matched normal prostate tissues make us speculate that EF-1α might play distinct roles in PCa with different degrees of malignance; however, this hypothesis required further investigations.
As already stated, RNAi technology uses an intricate natural pathway for sequence-specific mRNA degradation and regulates gene expression at the posttranscriptional level (26) . Delivery of small RNA is accomplished through several methods. While synthetic RNA duplexes are introduced into biological systems directly, the RNAi effect is only transient (27) . However, recent studies indicate that introducing DNA-directed RNAi expression cassettes through plasmid or viral vectors serve as an excellent source of RNAi supply to the biological system under investigation (28) (29) . In this case, dsRNA is expressed continuously within the cells using the DNA templates that direct synthesis of RNA duplexes or short hairpin RNAs, and thus, depending on the vector employed, RNAi effect can be sustained long term (30) . The size of the siRNA molecules is small enough to be transmitted from cell to cell, which has been reported previously (31) . Inhibiting the expression of pathogenic genes by siRNA-induced RNAi has proved to be a successful approach to reducing the malignance of different tumor cells (32) . In this study, we selectively reduced EF-1α expression in human PCa cells by exploiting RNAi technology. Furthermore, selective inhibition of EF-1α significantly reduced metastatic potential of EF-1α-expressing human PCa cell in vitro by affecting multiple aspects of tumor invasion.
In summary, EF-1α contributes to both proliferation and motility of malignant PCa cells and is successfully inhibitable by RNAi. Therefore, EF-1α appears to be a potential target for antitumor therapeutic strategies, perhaps using an RNAibased approach alone or in combination with pharmacological strategies. For further studies, we intend to provide insights into the significance of EF-1α inhibition for the treatment of PCa using in vivo mouse models of PCa with specific EF-1α inhibitors.
